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ON THE ACCURACY OF AERODYNAMIC PARAMETERS FOR SIMULATION

B. Haftmann,

Introduction

The accuracy of the aerodynamic parameters is largely
determined by the type and cost of the develiopment process on
which they are based.

If we start with the usual standard, then the process
can usually be divided into three successive developmental stages.
The first stage is the theoretical calculation of the parameters.
This is done with the objective of finding a primary project
definition from a given problem statement, or of providing the
theoretical demonstration of the objectives to be met for a
given project.

On this basis, then, there follow wind tunnel tests which
serve to refine the project, to demonstrate or: correct the
values found theoretically, and to optimize influences which
- cannot be included in the theory.

The final stage of development is the recalculation of the
wind tunnel results to the full-scale design conditions.  This
recalculation is not necessary in every case. It is done only
if the flow characteristics of the large scale design and the
model test do not agree, and if they affect the parameters.

This applies primarily for the "classical" characteristic numbers,

* Numbers in the margin indicate pagination in the original
foreign text.



the Reynolds number and the Mach number, which can be of decisive

significance in evaluating the friction and compressibility effects.

As simulation appears reasonable only if the project has
reached a certain stage of maturity, = it is sufficient to in-
vestigate the most important error sources in the wind tunnel
-results and their recalculation. '

1. Error Sources in the Wind Tunnel Measurement

1.1 Types of mounting

Based on the physical flow characteristics, it has proved
practical to divide the wind tunnel studies into a low velocity
and a high velocity range. The low velocity test covers all the
configurations flown in the incompressible flow, that is, up
to M = 0.3. The high velocity test is concerned with the
flight properties in the compressible flow region.

As the wind tunnel techniques fmust always be matched to the
particular problem, the tests are usually done in different
tunnels and on different models. This raises the problem of
making the results agree at their boundaries by the most accurate
possible correction of the outside effects which depend on the
tunnel and the technique.

The usual configuration-independent tunnel corrections
(jet tilt, stagnation pressure, angle of incidence, Mach number)
are part of the fixed component of the institute evaluation. They
are the result of many test series can can be taken as quite

accurate.

But there are other corrections which must be applied, /

4

arising from the interference effects of the model mounting.
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These corrections depend on the projedt. In part, they can be
of the order of magnitude of the true value, so that they
represent the inherent error sources for a measurement. The
most common mounting types, wire and post mounting, are shown
in Figure 1. Aside from special measurements which require
air supply or suction tubes to the model, the wire mounting
is preferred in the low velocity range.

The reason. for this is the lack of interference and the
stiffness of this type of mounting. As a rule, no correction
is needed for the lift and moments. The wires have a bad effect
on the drag measurements. As the entire wire drag is included
in the measurement, and this can be of the magnitude of the true
aircraft drag, a correction becomes very questionable, and the

drag measurement becomes. inaccurate.]

In the high velocity region, the lack of interference
disappears because of the reflection of compression shocks on

the model and 'tunnel wall. For that reason, the post mounting is

used. Its disadvéntage, to be sure, is a strong falsification
of the flow around the tail, affecting primarily the moment

balance.

The order of magnitude of the correction required depends
on the relation of the post diameter to the tail section span
and attitude. In the case of the VAK.(l)this corresponds to
a change in trim angle by some two degrees.

1.2 Similarity characteristics

The "classical similarity characteristics of wind tunnel
tests are the Reynolds number and the Mach number. But with the

(1) Translator's note: expansion unknown.
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development of VSTOL aircraft, one characteristic quantity is
steadily gaining importance. It is intended to provide a simul-
ation of the engine jets in the model experiments. It states
that the perturbation velocities induced by the jet and the dir-
ections of the flow particles are determined, for geometricélly
similar configurations, by the ratio of the jet outlet stagnation
pressure to the incident flow stagnation pressure. Figures 2 and
3 show one investigation on this theme, with two typical VAK

configurations as examples.

We find that the change of the incident flow stagnation
pressure has an effect, with a distinctly detectable tendency,
at constant similarity characteristic. This fact makes it quite
difficult to transfer the wind tunnel results to the full scale
design, ‘and we must count on errors up to + 25% of the measured
jet influence. Figure 4 shows a comparison of measurements at / 56

different Reynolds numbers.

Investigation of the influence of the Reynolds number is
of importance, then, because as a rule the flight Réﬁnolds number
is always considerably above the attainable model Reynolds number.
We find that as the characteristic number increases
- the maximum lift becomes greater
- the form drag becomes less (at Cp »]0) and
- the wing-fuselage moment becomes more nose-heavy with flaps
extended.

Aside from the form drag change, the Reynolds number
influence is primarily importante in flow ranges which are
exposed to large aerodynamic stresses (large incidence and
sideslip angles, large flap and elevator deflections). Because
of complex flow processes in these regions, correction of the
wind tunmel results is possible only with the use of semiempirical
methods. Later, we shall consider the omissions required in that
case.
4



1.3 Measuring equipment

The usual 6-component measurements are made using scales.
Their accuracy of + 20 p is entirely sufficient.

For special measurements, typical ones being hinge moment
measurements on flaps and elevators, it is necessary to develop
special strain gauge scales. They have to match the given
location conditions, and must be designed for relatively large
forces (high velocity range), so that their accuracy suffers.
Figure 5 shows the result of one measurement on the rudder of
the VFW-614.

The measurement was interrupted for about 14 days, and
the model was. takeniout of the tunnel. The following measure-
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ment on the same model could not be made to agree at the boundaries.

Figure 6 shows a comparison between the wind tunnel measurement
and a rolling test on the full scale design. At the same time,

we can determine what fluctuations occur from friction and dynamic

effects in the full scale design. Hinge moment measurements on
the model, then, must be considered as more than guide values
which are to be provided with fluctuation bandwidths in the

control design and in the simulation.

2. Correction of the Wind Tunnel Results to the Full Scale

Conditions

The correction extends to all those areas of the aerodynamic

parameters which are only partially simulated in model measure-
ments (such as the engine jet and intake flow simultaneously)

or in which the differing flow characteristic numbers play a
role. Comparison between measured and calculated maximum 1lifts
and form drags versus the Reynolds number may serve as an
example (Figure 7).



In neither case do the absoluter values agree. The reasons
are of manifold nature. They extend from the calculating method
to the measurements. In both cases, the effects of these
quantities: h
- degree of flow turbulence
- construction inaccuracies
- surface roughness |
- interferences between different parts
could be determined only approximately (interferences) or not
at all.

Aside from these, the tendency versus the Reynolds number
is confirmed well, so that extrapolation of the measurements
to the flight range can be undertaken with satisfactory accuracy.
This goes not include the roughness, degree of turbulence, and
construction inacquracies which differ between the model and
the large-scale design.

3. Summary

It appears that the accuracy of the aerodynamic parameters
cannot be judged in one lump. Rather, they are determined
by influences of varying significance. For this reason, differ-
ent error sizes arise for the various parameters.

A survey is presented in tabular form in Figure 8. The
quantities determining the errors are arranged in approximate
order of their effect. This assumes that the constructional
inaccuracies and surface roughness meet the ordinary standard
for high performance aircraft.



The data presented make no claim for completeness and

generality.

They are intended primarily to communicate a feeling

for the order of magnitude of the errors and the factors which

determine them.

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

0o N O UL PWwW N

Wind tunnel mounting types, corrections, characteristics
Transition; effect of the incident flow velocity

End of transition; effect of the incident flow velocity
Moments, drags; effect of the Reynolds number

Hinge moment; rudder

Hinge moment; elevator

Effect of the Reynolds number

Quantities affecting the judg@éﬁf:]of the accuracy of
aerodynamic factors.
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